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Introduction
Muscle strength is an important component of health and physical fitness. 1, 2 Muscle strength has a relevant role in the performance of many activities of daily living, 2 and is known to be the most important predictor of function. 3 In addition, muscle weakness is related to disability. 4, 5 Therefore, muscle strength is an important outcome and of great interest with regards to general health. 1 The most common equipment or methods that provide quantitative measures of strength, such as the isokinetic 6 ---8 and portable dynamometers, 9---11 have been shown to provide valid and reliable measures.
9---15 Isokinetic dynamometers provide both isokinetic (concentric and eccentric) and isometric measures, while portable dynamometers provide only isometric measures. Although less used than the isokinetic and portable dynamometers, the myometer also yields isometric measures and has shown to provide reliable measures of strength of both adults and children. 16---18 An alternative method for the quantitative evaluation of isometric strength is the modified sphygmomanometer test (MST). This low-cost method also provides valid and reliable measures of strength of various populations and muscle groups. 19---21 Since the 1980s, several studies were performed with the aim to establish reference values for muscle strength for some of these equipment or methods. 16,17,22---65 Reference values are essential for the correct interpretation of the evaluations and establishment of appropriate treatment goals. 43, 66 In addition, they are useful for the evaluation of the effectiveness of interventions 30 and for the provision of important prognostic parameters, such as the possibility to return to usual activities. 43 Furthermore, reference values could also be used as motivation for patients during rehabilitation interventions. 54 A systematic review of the reference values of muscle strength provides a comprehensive summary of the literature along with a critical analysis of the quality of the results of the included studies. This critical summary can help professionals with the clinical decision-making process. Furthermore, the results of a meta-analysis of reference values provide a better estimative of the true value of a population, since the combined sample size of the meta-analysis is larger than that of the individual studies. Tw o previous systematic reviews with meta-analysis were published with the aim to synthesize the reference values for the strength of the inspiratory 67 and handgrip 68 muscles. However, no systematic review has addressed the appendicular and axial muscles.
Reference values are relevant for the interpretation of the evaluation and clinical decision-making process. Since several equipment or methods that provide quantitative measures of strength are available and various studies have already established the reference values for muscle strength, the objectives of the present review were to describe and evaluate the methodological quality of these studies and synthesize, using a meta-analysis, the reference values already established for healthy individuals at any age.
Methods

Data sources and search strategy
This systematic review was reported in compliance with the PRISMA guidelines. 69---71 All the steps described below were performed by two independent examiners (PAB and LTA). A third examiner (CDCMF) was involved to solve any disagreements.
Electronic searches were conducted in the following electronic databases: Medical Literature Analysis and Retrieval System Online (MEDLINE), Latin American and Caribbean Literature in Health Sciences Literature (LILACS), and Scientific Electronic Library Online (SciELO), from the inception to December 2017, without any language restrictions. The search strategy used in the MEDLINE database was ''muscle strength'' OR ''isometric contraction'' OR ''isotonic contraction'' OR ''isokinetic contraction'' OR ''muscle force'' OR ''muscular strength'' OR ''muscular force'' AND ''reference value*'' OR ''reference range*'' OR ''normative search'' OR ''normative standard*'' OR ''normative data*'' OR ''normative score*'' OR ''normal range*'' OR ''normative value*'' OR norms OR ''average value*''. This search strategy was then modified to meet the requirements of the LILACS and SciELO databases.
Study selection and eligibility criteria
To be included, the studies had to have the objective to determine the reference strength values of two or more appendicular and/or axial muscle groups of health individuals at any age and employ any equipment or method to objectively obtain the strength measures. Studies that established reference strength values of the respiratory or facial muscles were excluded. The titles and abstracts of all the retrieved articles were screened for eligibility. Then, full-text articles were screened following the predefined
Quality
The methodological quality of the included studies was evaluated using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2). The QUADAS is an evidence-based tool for the evaluation of methodological quality of systematic reviews. 72 The QUADAS was already employed with the same purpose in a previous systematic review with meta-analysis for establishing the reference strength values of the inspiratory muscles. 67 The QUADAS-2 is an updated version of the QUADAS tool, which allows for a more objective and transparent rating of bias and applicability. 72 The QUADAS-2 includes four domains (patient selection, index test, reference standard, flow, and timing), which are evaluated in terms of risk of bias. In addition, the first three domains are also evaluated in terms of concerns of the applicability. 72 As the purpose of the present review was not to describe the results, based on comparisons with gold standard measures, the reference standard domain was not evaluated. Therefore, the following five QUADAS-2 criteria were evaluated: risk of bias, related to the domains of patient selection, index test, and flow/timing, and applicability regarding patient selection and index test. 72 It was considered as having adequate quality those studies that scored at least three out of five points (more than a half of the points) on the QUADAS-2.
Study characteristics
Data extraction included country, where the study was carried out; sample size; population characteristics (age and sex); equipment or method used; and muscle groups evaluated. For the population age group, the following World Health Organization classification for developed countries was used: children ( 0 ---9 years), adolescents (10---19 years), adults (20---64 years), and elderly (≥65 years). 73---75 For the studies that had adequate methodological quality, i.e., positive greater than negative evaluation on the five QUADAS-2 criteria 72 and showed common characteristics, which allowed for the synthesis of the data, a descriptive meta-analysis was performed. The common characteristics, which were considered, included types of contraction, equipment or method of evaluation, population characteristics, age sub-groups, muscle groups, positioning of the individuals and of the equipment, descriptive statistics used, and data collection procedures. In addition, the evaluation side for the appendicular muscles, number of trials, duration of the contractions, rest intervals, familiarization with the procedures, verbal encouragement, and measurement units. The following data were extracted: sample size, descriptive statistics, and information regarding the procedures to obtain the muscle strength measures.
Data analysis
Statistical analysis of the meta-analysis was performed using the RevMan 5 software (version 5.3.5, available at https://www.statstodo.com/ ComMeans Pgm.php). Coefficient of variation (CV) of the synthesized values was also calculated using the Excel ® software. CV is a statistical measure of the dispersion of data points in a data series around the mean. It represents the ratio of the standard deviation to the mean (expressed in %), and it is a unit-free value. The CV, as a measure of variability, is considered a practical statistics for comparing the degree of variation from one data series to another, even if the means are drastically different. It also can be easily used to reflect the degree of measurement error, i.e., the lower is the obtained value, the more repeatable the method is.
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Results
Flow of studies and quality
Of the 414 studies identified, 95 were selected for fulltext evaluation, and of those, only 46 were eligible for this review (Fig. 1 ). As given in Table 1 , the methodological quality of the included studies ranged from two to five (median = 3 points). Most of the included studies scored at least three (58.7%) 16 out of five points on the QUADAS-2. 72 For all studies, the frequency of positive evaluation was higher than that of negative one on the five QUADAS-2 criteria 72 ( Table 1) .
Descriptions of studies
As shown in Tables 2 and 3 , all studies involved samples from developed countries; the majority (95.6%) were from the Northern Hemisphere (Belgium, 53 Denmark, 35, 41, 58 Finland, 59, 60 France, 23, 37, 52 Ireland, 30 Netherlands, 25, 46 Norway, 39 Scotland, 51 Spain, 56 Sweden, 16, 17, 31, 47, 48, 54, 64 Switzerland, 28, 36 Canada, 50, 55 USA, 24,26,27,29,32---34,38,40,42,43,45,49,61---63,65 and China). 57 A large variation in sample size was noted: the largest sample included 3587 subjects, in a study that involved the evaluation of two muscle groups (knee flexors and extensors), whereas the smallest sample included 31 subjects, which involved the evaluation of seven muscle groups of the upper limbs. 63 In only three studies (6.5%), 27, 56, 65 a priori sample size estimation was reported. Only eight studies (17.4%) justified the separation of the reference values into different subgroups (age, sex, or side). 23, 25, 31, 33, 34, 38, 53, 62 Of the 46 included studies, 91.3% (n = 42) 16,17,22---61 reported reference values for isometric and 17.4% (n = 8) 35 32, 35, 40, 53, 61 and myometer (9.5%). 16, 17, 25, 44 Each of the other equipment or evaluation methods used to assess isometric strength was applied by a single study (Table 2 ).
In the majority of the studies (93.8%), the reference values for muscle strength were reported for both men and women. The references values for isometric strength were established for the majority of the appendicular and Table 2 ). The reference values for isokinetic strength were established for most appendicular and axial muscle groups of adults (50%) 35,61---63 and elderly (25%) 35, 62 individuals. For the children, isokinetic strength values were only found for the following muscle groups: elbow flexors and knee flexors/extensors (50%). 39, 47, 64, 65 For the adolescents, the following muscle groups had their reference values described 39, 47, 61, 64, 65 ( Table 3) 
Meta-analysis
Among the 46 studies that established reference values for muscle strength, 13% (n = 6) 16, 29, 34, 38, 43, 44 met the criteria established for synthesizing the values and performing the meta-analysis. All of these studies involved the evaluation of isometric strength. Considering that these criteria were similar, it was possible to synthesize the values of three pairs of studies, whose statistical analysis is given in Table 4 . In two of these studies, the isometric strength of 10 muscle groups was evaluated, bilaterally (dominant and nondominant sides), in men and women of the following age groups: 50---59, 60---69, and 70---79 years 34, 38 (reference values of muscle strength ranged from 66.73 ± 16.02 to 458.45 ± 79.73 N). In two other studies, the isometric strength of the hip flexors of the dominant side of men and women in the following age groups was evaluated: 20---29, 30---39, 40---49, 50---59, and 60---69 years 16, 44 (reference values of muscle strength ranged from 167 ± 23.4 to 281.8 ± 50.7 N). Finally, two other studies evaluated the isometric strength of the handgrip muscles, as well as the lateral, palmar, and pulp-to-pulp pinches, bilaterally (right and left sides), in men and women in the 60---69 and 70---74 age groups 29, 43 (reference values of muscle strength ranged from 9.5 ± 1 to 91.3 ± 18.5 Pounds).
The reference values for the muscle strength presented by the meta-analysis decreased with age for men and woman. Moreover, for the same age group, men tended to have a higher muscle strength than women and the dominant side tend to have a higher muscle strength than the nondominant side. See reference values in Table 4 . As given in Table 4 , the CV of the combined values ranged from 15% to 29.84% and 10.6% to 32.9% for men and women, respectively, and the most common values ranged from 20.1% to 30% (56.8% for men and 69.1% for women).
Discussion
The present review described and evaluated the methodological quality of the studies, which established the reference strength values for the axial and appendicular muscles of healthy subjects. In addition, it also provided a synthesis with a descriptive meta-analysis of the previ- Reference values for muscle strength Reference values for muscle strength 9 elderly individuals of both sexes, using portable dynamometers and myometer. The CVs of the combined values of these studies ranged mainly from 20.1% to 30% and were also similar to those of the original studies. Establishing criteria is also important to determine possible subgroups (e.g., age, sex, side) for reporting the results of the descriptive statistics of the reference values. Of the 46 included studies, only 17.4% (n = 8) justified the subgroups, while reporting the results of the descriptive statistics, 23, 25, 31, 33, 34, 38, 53, 62 of which 62.5% (n = 5) did not clearly justify the reasons to support the applied criteria. 25, 31, 33, 53, 62 Betweengroup comparisons, 23, 25, 33, 34, 53, 62 correlations, 34, 38 and regression 25, 31, 34, 38 were the types of statistical analyses used to justify the subgroup divisions.
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Regarding the age subgroups, most of the studies, which established reference strength values for children and adolescents, reported their subgroup results in 1-year intervals. 25, 28, 31, 39, 41, 46, 64, 65 This is probably justified by the rapid changes in the development of these subjects. For adults and elderly, the results for the subgroups were described per decades. 16 67 in a systematic review with meta-analysis for the reference strength values of the inspiratory muscles in adults and elderly, reported the age subgroup results per decade. 67 On the other hand, Bohannon et al., 68 in their systematic review with meta-analysis for the reference values of handgrip strength for the same population, provided the subgroup results in 5-year intervals. 68 Perhaps, the definition of age subgroups in these two previous meta-analyses 67, 68 followed the definition adopted by the majority of the studies, which were included in the reviews. As the population groups were similar (adults and elderly) between the two reviews 67, 68 associated with the results of the present study, it is possible to conclude that there is no clear criterion, neither a consensus regarding the age range to group the subjects, when reporting reference values of muscle strength.
Please cite this article in press as: Benfica PA , et al. Reference values for muscle strength: a systematic review with a descriptive meta-analysis. Braz J Phys Ther. 2018, https://doi.org/10.1016/j.bjpt.2018.02.006 The lack of description and differences in methods and evaluation procedures limited the number of studies included in the present meta-analysis, i.e., only six out of 46 studies (13%). Among the 41 evaluated muscle groups, only 14 (34.1%) had their results synthesized in the metaanalysis. In addition, only the hip flexor muscle group of the dominant side was evaluated in two pairs of studies, one that employed a portable dynamometer 34, 38 and the other a myometer, 16, 44 and both evaluated isometric strength. Data from four 16, 34, 38, 44 of the six studies, which were included in the meta-analysis, could have been grouped, if the adopted procedures were similar. Similar results were found in two previous systematic reviews with meta-analysis of inspiratory 67 and handgrip 68 muscle strength, i.e., differences in methods and evaluation procedures also limited the number of the included studies. 67, 68 The CVs were similar to those calculated with the descriptive statistics reported by all of the studies, except for values related to the hip flexor muscles of the nondominant side reported by the studies of Backman et al. 16 and Phillips et al. 44 : the CVs of the present meta-analysis ranged from 14% (see Table 4 , CV = 23.4/167) to 23.7% (see Table 4 , CV = 64.1/270.1), whereas those reported by Backman et al. 16 and Phillips et al. 44 ranged from 10.9% (CV = 20/183) to 26% (CV = 84/323) and 6.6% (CV = 16/241) to 13.5% (CV = 25/185), respectively. In general, these results indicate adequacy of reference values reported in the present meta-analysis, since they are mostly similar to those of the original studies.
The reference values for muscle strength have already been established for subjects from developed countries, most of them from the Northern Hemisphere, who have specific ethnic characteristics, which may interfere with strength measures, such as body fat mass and muscle mass indices, height, and weight. 76 The possible differences in strength among ethnic groups 77 confirm the importance of determining reference values for population groups, who have specific demographic characteristics. For professionals on developing countries, no information is available on the reference strength values for the appendicular and axial muscles. Therefore, the interpretations of the evaluation of strength and, consequently, the clinical decision-making within clinical settings are limited. In addition, specifically for children and adolescents, the reference values for the following muscles groups have not been established: shoulder and hip external/internal rotators, shoulder adductors, neck and trunk lateral flexors, and lateral rotators.
This systematic review with meta-analysis has both strengths and limitations that need to be considered. First, the electronic searches were conducted in only three databases (MEDLINE, LILACS, and SciELO), which may have prevented the inclusion of some relevant studies. Considering that the MEDLINE database is one of the most complete bibliographic databases 78 of biomedical literature records 79 ; that LILACS and SciELO databases also comprise articles published in Portuguese or Spanish that may not be found at MEDLINE; and that the reference list of the included articles was screened to identify further ones, it can be considered that a comprehensive systematic review was performed. A strength of this study is the analysis of the methodological quality of the studies and the comparison of the CV of the results of the meta-analysis with the CV of the original studies. In addition, another strength of this systematic review is the applicability of the results for the measurement of different muscle groups.
In conclusion, the studies, that reported reference values of strength for the appendicular and axial muscles, showed, in general, adequate methodological quality and provided both isometric and isokinetic measures for all age groups, mainly adults and elderly. Establishing the reference values is still necessary for other muscle groups of children and adolescents and other methods of evaluation, such as the MST, whose data are scarce. Furthermore, no study was found that provided reference values of strength of the axial and appendicular muscles of people from developing and undeveloped countries. The present meta-analysis provided normative data for the isometric strength of 14 appendicular muscle groups of the dominant and nondominant sides of both men and women, aged 20---79 years. It is necessary to adapt the procedures and methods for the evaluation of reference values in future studies to carry out a more comprehensive meta-analysis including children and adolescents and some muscle groups for adults and the elderly. In general, the CV values that resulted from the meta-analysis were similar to those reported by the original studies. This indicates adequacy of reference values reported in the present meta-analysis. These data may be used to interpret the results of the evaluations and establish appropriate treatment goals.
